Objectives: There have been no ischemic stroke costing studies since major improvements were implemented in stroke care. We therefore determined hospital resource use and costs of ischemic stroke and TIA in the Netherlands for 2012.
Ischemic stroke is the second most common cause of death and a major cause of disability, resulting in a large burden in current health care and societal costs. 1 Advances in prevention and treatment of ischemic stroke and TIA during the past 2 decades have resulted in significant changes in medical practice, and therefore in improved clinical outcomes and potentially lower costs. 1 A significant improvement was the organization of stroke care into integrated stroke services that reduced both mortality and disability. 2 Furthermore, use of IV thrombolysis improved clinical outcome, 3 and advances in secondary prevention, such as carotid endarterectomy (CEA), antiplatelet agents, blood pressure lowering, and cholesterol reduction, have proven to be effective. [4] [5] [6] [7] In the past, several studies have determined the costs of ischemic stroke in the Netherlands 8-10 and other developed countries. [11] [12] [13] [14] However, these studies used resource use data from more than 10 years ago, before major improvements were implemented. At that time, treatment of stroke was far from optimal. On average, 10 of 28 inpatient days were explained by nonmedical reasons, most frequently waiting to be discharged to a nursing home. 15 One would expect that the improvements in patient management reduced the length of stay (LOS) and therefore hospital costs of ischemic stroke. Therefore, the aim of this study was to determine hospital resource use and costs of ischemic stroke and TIA in the Netherlands for 2012. The secondary aim was to examine the association between hospital costs of ischemic stroke and TIA and various patient and hospital characteristics.
METHODS Patient population. The patient population included patients with a recent ischemic stroke or TIA. Ischemic stroke was defined as a focal neurologic deficit of sudden onset of presumed vascular origin, lasting at least 24 hours, with brain imaging showing typical signs of brain infarction or no abnormalities. The diagnosis of TIA was defined as a focal neurologic deficit of sudden onset lasting less than 24 hours and with no signs of recent infarction on CT scan.
Four subgroups were analyzed: inpatient ischemic stroke, inpatient TIA, outpatient ischemic stroke, and outpatient TIA. Additionally, we estimated the costs of CEA, and costs of an extra follow-up visit necessary because of (1) direct consequences of the ischemic event, such as cognitive dysfunction, inability to return to work, anxiety, headache, or epilepsy, or (2) management of vascular risk factors, such as uncontrolled hypertension, hypercholesterolemia, or obesity. The costs of CEA and the costs of an extra follow-up visit are costs in addition to those of 1 of the 4 subgroups when a patient underwent CEA or had an extra follow-up visit, respectively.
Data. We performed a retrospective cost analysis using patient and resource use data from 2010 from the Diagnose Behandeling Combinatie (DBC) (diagnosis treatment combination) case mix system, a diagnosis-related group-like system that contains resource use data of all hospitalizations in the Netherlands. The length of follow-up is patient-specific for both inpatients and outpatients. It starts on the day of first hospital admission after a recent ischemic stroke or TIA to a maximum of 42 days for inpatients and 90 days for outpatients following the starting date. The length of follow-up included acute hospitalization, readmission for the same ischemic event, hospital allied health services, and hospital outpatient visits in the same hospital. A new follow-up was started and a new DBC was opened if a patient was seen after the maximum length of follow-up, at another hospital, or for a new ischemic event.
Hospital costs were determined by multiplying the resource use by the corresponding unit costs for 2012. Resource use focused on the hospital only and included inpatient days, intensive care days, outpatient and emergency room visits, ambulatory treatment, diagnostic and imaging tests, allied health services, and laboratory investigations (i.e., laboratory, microbiology, pathology, and blood products). The unit costs of inpatient days, intensive care days, outpatient visits, emergency room visits, ambulatory treatment, and allied health services were based on reference prices of the Dutch Manual of Costing. 16 The Dutch Manual of Costing provides a list of reference prices for different types of care to facilitate the standardization and comparability of economic evaluations. A reference price is an average unit cost estimated on the basis of large, diverse populations that can be directly used to value resource quantities. The unit costs of diagnostic and imaging tests and laboratory investigations were based on tariffs provided by the Dutch Healthcare Authority. 17 The unit costs of surgery were estimated based on internal cost prices from a Dutch academic hospital. All unit costs reflected full hospital costs, including material, labor, drug, overhead, and capital costs. Where necessary, unit costs were adjusted to 2012 Euros using the general price index from the Dutch Central Bureau of Statistics. 18 We have converted Euros to US dollars and added that information parenthetically. A mean exchange rate of €1 5 $1.2848 was used for 2012, because the daily exchange rates ranged from €1 5 $1.2089 to €1 5 $1.3454 in 2012. 19 Regression analysis. Three ordinary least squares regression analyses were performed for 3 patient groups to examine the association between hospital costs and various patient and hospital characteristics: inpatient ischemic stroke and TIA (analysis 1), outpatient ischemic stroke and TIA (analysis 2), and patients who underwent CEA (analysis 3). In each analysis, hospital costs were the dependent variable. The independent variables were various patient and hospital characteristics. The patient variables were age, sex, and the interaction between age and sex. Age was estimated using the midpoint of each 5-year category (i.e., 63 years was used if the 5-year category was 61-65 years). The hospital characteristics included hospital type (academic and different type of nonacademic hospitals) and region in the Netherlands. The geographical regions used were the 12 Dutch provinces. In demographic and economic terms, these provinces can be classified into 2 areas: a metropolitan area including the 4 largest Dutch cities (in the provinces North Holland, South Holland, Utrecht, and Flevoland) and the rest of the Netherlands. The metropolitan area has developed in an advanced economy in many leading sectors, has the lowest unemployment rates in the Organisation for Economic
Co-operation and Development (OECD), and is one of the most densely populated areas in the OECD. 20 Statistical inference of associations was calculated using the 2-tailed t test.
RESULTS
Descriptive statistics. Table 1 shows the patient and hospital characteristics of the 4 patient subgroups: inpatient ischemic stroke, inpatient TIA, outpatient ischemic stroke, and outpatient TIA. A total of 24,671 inpatient ischemic stroke patients and 4,596 inpatient TIA patients were admitted to any Dutch hospital in 2010 (table 1). In the outpatient setting, 11,232 ischemic stroke patients and 17,057 TIA patients were admitted to any Dutch hospital in 2010. Moreover, table 1 shows that ischemic stroke patients are on average older than TIA patients (inpatient: 71 6 14 [mean 6 SD] vs 69 6 13, p , 0.0001; outpatient: 69 6 13 vs 68 6 13, p , 0.0001) and that inpatient TIA and outpatient ischemic stroke had a slightly higher proportion of men. We observed no large differences among the 4 patient subgroups in the proportion of patients admitted per hospital type and region. Table 1 shows that most patients were admitted to small nonacademic hospitals, followed by teaching and large nonacademic hospitals. Most patients were admitted in the most densely populated provinces (South Holland, North Holland, and North Brabant).
In addition, 3.3% (1,891/57,556) of the ischemic stroke patients and TIA patients admitted to a hospital in 2010 underwent CEA. Of the inpatients alone, 6.5% (1,891/29,267) underwent CEA, the mean age was 70 6 10 years, and about two-thirds were men. Furthermore, 65% (1,231/1,891) of CEAs were performed in academic, teaching nonacademic, or large nonacademic hospitals. In total, 12% (6,868/57,556) of the patients who visited the hospital in 2010 (either inpatient or outpatient) had an extra follow-up visit. Of these patients, 92% (6,303/6,828) visited the outpatient clinic. The mean age of outpatients with an extra follow-up visit was 64 6 14 vs 67 6 14 years for inpatients (p , 0.0001) and in both settings 54% were men.
Length of stay. The figure shows the distribution of LOS for inpatient ischemic stroke and inpatient TIA patients up to 30 days; 2.1% of inpatient ischemic strokes and 0.2% of inpatient TIAs have more than 30 inpatient days. The average LOS of inpatient TIA patients was shorter than that of inpatient ischemic stroke patients (3.6 vs 8.8 days, p , 0.0001), which is mainly caused by the higher proportion of TIA patients with 1-4 inpatient days and lower proportion of longer stays than ischemic stroke patients. About 1.5% of inpatient ischemic stroke and inpatient TIA patients had zero inpatient days, probably because they died within 24 hours after hospital admission.
Costs of ischemic stroke and TIA. Table 2 presents the unit costs of the different cost items, breakdown of average resource use, and average hospital costs per subgroup. Average hospital costs were €5,328 6 €4,346 ($6,845 6 $5,584) for inpatient ischemic stroke, €2,470 6 €1,939 ($3,173 6 $2,491) for inpatient TIA, €495 6 €333 ($636 6 $428) for Table 2 Unit costs, average resource use, and average costs of inpatient and outpatient ischemic stroke and TIA outpatient ischemic stroke, and €587 6 €303 ($754 6 $389) for outpatient TIA. Costs of inpatient days were the largest contributor to costs of both inpatient ischemic stroke (80%) and inpatient TIA (71%). Diagnostic and imaging tests were the second largest contributor to costs of both inpatient groups. However, the contribution was substantially larger for TIA (17%) than for ischemic stroke (9%). The share of visits (i.e., outpatient, emergency room, and ambulatory treatment) was the third largest contributor for both inpatient groups.
A different pattern was observed in the contribution of outpatient costs. Costs of diagnostic and imaging tests were the largest contributor for both ischemic stroke (61%) and TIA (57%). Visits were the second largest contributor to outpatient costs (ischemic stroke 35%, TIA 41%).
Differences in costs between inpatients and outpatients were mainly caused by this difference in LOS. In addition to costs related to LOS, other contributors to higher costs for inpatients included more frequent use of laboratory and allied health services.
Costs of CEA. Table 3 shows the unit costs of the different cost items, breakdown of average resource use, and average hospital costs of patients who underwent CEA. Average costs of these patients were €6,836 6 €2,862 ($8,783 6 $3,677), with surgery (51%) and inpatient days (34%) as main components.
Costs of an extra follow-up visit. Substantial differences were observed in average hospital costs per patient between inpatients and outpatients, which were mainly caused by the average LOS of inpatient ischemic stroke (7.6 days) and inpatient TIA (4.8 days) (p , 0.01). Average costs of inpatients who had an extra follow-up visit after ischemic stroke were €4,567 6 €5,817 ($5,868 6 $7,474) and after TIA €2,983 6 €3,368 ($3,833 6 $4,327). The average costs of outpatients with an extra follow-up visit were €223 6 €282 ($287 6 $362) for ischemic stroke and €229 6 €316 ($294 6 $406) for TIA. The largest component of outpatient costs was outpatient visits.
Regression analysis. The regression analyses indicate that the overall regression models are statistically significant. However, the explained variance is low (2.1%-5.6%). Table 4 shows the associations between hospital costs and the various patient and hospital characteristics of inpatient care for ischemic stroke and TIA (analysis 1), outpatient care for ischemic stroke and TIA (analysis 2), and CEA (analysis 3). Inpatient costs were significantly related to age (i.e., one additional year of age was associated with a cost increase of €25 [$32]). The impact of age on inpatient costs was high (e.g., a 20-year age difference results in additional costs of €500 [$640]). Moreover, analysis 1 shows that costs at teaching, small, and unknown type of nonacademic hospitals were significantly higher than at academic hospitals, and that inpatient costs at hospitals located in Drenthe, Flevoland, Groningen, Limburg, North Brabant, and Overijssel were significantly higher than in South Holland.
Outpatient costs of ischemic stroke and TIA were significantly associated with age. Outpatient costs decrease by €2 ($3) for each additional year of age and no difference was observed between sexes. Significant differences in outpatient costs were found between academic and all types of nonacademic hospitals, except midsized nonacademic hospitals. Moreover, outpatient costs at hospitals located in most provinces were significantly lower than in South Holland. Hospital costs of patients who underwent CEA were significantly related to age and region. Costs of CEA were significantly lower in all provinces compared to South Holland (except for Groningen), ranging from €570 to €1,513 ($732 to $1,944) lower costs. In addition, significant differences were found between academic and midsized and small nonacademic hospitals. Subsequent analysis. We performed a subsequent analysis to examine whether hospital costs and LOS were associated with admission day of the week. We found that both LOS and costs were significantly lower on Mondays, Tuesdays, Wednesdays, and Thursdays compared to the other days of the week (p , 0.1). DISCUSSION This study is the first and most extensive cost analysis of inpatient and outpatient hospital costs of ischemic stroke and TIA in the last 10 years. Costs between inpatient and outpatient care for ischemic stroke and TIA differed extensively and were largely attributable to inpatient hospital stay. The cost difference between inpatient ischemic stroke (€5,328/$6,845) and inpatient TIA (€2,470/ $3,173) was caused by a shorter LOS for TIA patients (3.6 days vs 8.8 for ischemic stroke), which could have been expected given the lower severity and shorter symptom duration of TIA. 21 Costs of outpatient care were higher for TIA than for ischemic stroke due to more frequent use of ambulatory treatment and diagnostic and imaging tests.
During the last 2 decades, LOS and costs of ischemic stroke have been substantially reduced, possibly due to major improvements in patient management (e.g., the organization of stroke care into integrated stroke services and the use of IV thrombolysis). Two studies from the early 1990s estimated an average LOS of 27 days 8 and 28 days. 15 A study performed in the late 1990s examined the ability of 3 experimental stroke services to reduce LOS. Only one hospital succeeded (13 days vs 32 and 33 in the 2 other hospitals). 10 We found that the average LOS for ischemic stroke had been considerably reduced to 8.8 days in 2010. In terms of hospital costs per patient, the difference of about 20 inpatient days alone has resulted in a cost reduction of €9,700 ($12,460) in 2012, with a unit cost of €485 ($623) per inpatient day. On the other hand, IV thrombolysis and other novel therapeutic options have increased the unit costs of an inpatient day.
Our finding that age, hospital type, and region were associated with hospital costs partially correspond with the results of an earlier study that found hospital costs to be dependent on region as well as stroke severity at discharge, waiting lists for nursing home care, and death from stroke in the acute phase. However, in that study, age was not found to be associated with hospital costs and hospital type was not considered. 10 Our regression analyses show significant associations between hospital costs and both hospital type and region. Both inpatient and outpatient costs were significantly higher at teaching, small, and Table 4 Association between hospital costs and patient and hospital characteristics Hospital characteristics
Hospital type unknown type of nonacademic hospitals compared to academic hospitals. The analyses also show that inpatient costs are significantly higher and outpatient costs significantly lower in most of the provinces outside the Dutch metropolitan area. A possible explanation is that the patient case mix differs between hospital types and regions. Moreover, we found that LOS was associated with admission day of the week. A possible explanation is that LOS is shorter when patients are admitted during weekdays due to the availability of medical personnel. This finding and the determinants of hospital costs, such as hospital type and region, merit further research.
In addition, we found that more than 90% of patients with an extra follow-up visit were outpatients. We assume that inpatients were discharged to longterm care facilities where they received the necessary follow-up care. In contrast, the patients who were originally seen at the hospital's outpatient clinic were discharged directly home and therefore sometimes needed an extra follow-up visit.
The strength of our study is that we examined the hospital costs and LOS using data from all patients in the Netherlands who were seen at any hospital for an ischemic stroke or TIA in 2010. Our findings are highly relevant for neurologists since they reflect the costs of current patient care. The methods we used in our study can also be used by clinicians as an example to perform similar analyses for other diseases. In addition, our results may be used as input for economic evaluations to support decision-making about reimbursement, investment, and pricing of health care interventions.
Our study also has some limitations. The DBC database does not contain information on stroke severity, such as the NIH Stroke Scale or the modified Rankin Scale, and the most probable cause, such as the Trial of ORG 10172 in Acute Stroke Treatment classification. Potential proxy measures of stroke severity, such as clinical parameters and discharge location, were also not included in the DBC database. We were therefore unable to estimate the costs and LOS for different types of ischemic events. Furthermore, we were unable to assess potential risk factors and comorbidity that determine hospital costs, such as diabetes mellitus, hypertension, and hyperlipidemia. 22 Moreover, the database includes only hospital care. The costs of stroke care outside hospitals (e.g., general practitioners, rehabilitation centers, longterm care facilities, and nursing home care) could not be estimated with the database. Further research should estimate these costs to obtain a total estimate of costs of ischemic stroke and TIA.
Some of our results are not necessarily generalizable to different health care systems. For example, the absolute costs seen in our study do not necessarily reflect the costs expected elsewhere because, for example, the unit costs of particular components of stroke care (cost per inpatient day) differ between countries and health care systems. However, we expect that the trends and patterns in stroke care found in our study (e.g., reduction in length of stay and differences between hospital types and regions) are likely to be generalizable.
We have shown that hospital costs are higher for inpatients and ischemic strokes compared with outpatients and TIAs, with LOS as the most important contributor. LOS and hospital costs have been substantially reduced over the past 10 years, possibly due to improved hospital stroke care and efficient integrated stroke services.
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